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Abstract 
Aquistore is a carbon sequestration project with the purpose of post-combustion capture of CO2 from a coal-fired electrical 
generating station in Estevan, Saskatchewan, Canada. A measuring, monitoring, and verification (MMV) program was designed 
to ensure conformance of injected CO2 and to minimize risks associated with potential leakage via early detection methods. One 
component of the MMV program was the characterization of shallow hydrogeology as part of a monitoring strategy to trace the 
migration of CO2 injected into deep brine formations at the Aquistore site. In order to establish the hydrogeological properties of 
the site, physical and chemical data were collected from a network of existing and newly-installed groundwater monitoring wells. 
Results were generally found to be consistent over time, with little seasonal variation in pressure measurements and chemical 
parameters. 
© 2013 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Substantial reductions in CO2 emissions can be achieved at point sources by geologically sequestering captured 
CO2. The Aquistore project is one such endeavor, whereby CO2 from a coal-fired electrical generating station will be 
captured and stored in deep brine formations at a nearby injection site. The Boundary Dam Power Station (BDPS) is 
operated by SaskPower and is located near the town of Estevan in southeast Saskatchewan. Aquistore is managed by 
the Petroleum Technology Research Centre and is part of SaskPower’s Boundary Dam Integrated Carbon Capture 
and Storage (CCS) Project, which is internationally the first commercial-scale CCS project of its kind. 
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Two wells were drilled at the Aquistore site, one to be the conduit for injected CO2 and the other to be 
instrumented for observation. Both wells were drilled through the Phanerozoic section of the Williston Basin and 
into the underlying Precambrian basement, to depths of 3400 m. The target injection zones are sandstones of the 
Winnipeg and Deadwood formations. These are the deepest units of the basin and are overlain by thick, regionally 
continuous shale and evaporite seals. A measuring, monitoring, and verification (MMV) program was created to 
ensure storage integrity by tracing the movement of injected CO2 and by utilizing early detection methods to 
minimize risks associated with potential leakage. Although the site’s geological storage security has been rigorously 
investigated, there remains a risk of CO2 leaking into shallow groundwater via unanticipated pathways. It is critical 
to demonstrate that geologically sequestered CO2 has not migrated into overlying aquifers and altered the quality of 
shallow groundwater resources. A baseline hydrogeological characterization of the site was undertaken as a key 
component of the MMV program; these data will provide a framework in which hydrogeological changes, and thus 
CO2 intrusion, can be assessed. 
 
2. Site Characterization 
2.1. Local Geology 
The Aquistore site is located on reclaimed previously-mined land southwest of the town of Estevan, 
Saskatchewan, and west of the Boundary Dam Power Station (Figure 1). The near-surface geology includes the 
shallowest bedrock unit, the Tertiary Ravenscrag formation, and overlying glacial deposits (till). The Ravenscrag 
formation consists of interbedded sand, silt, clay, and lignite, with local carbonaceous, kaolinitic concretionary, and 
calcareous zones [1]. The till layer is relatively thin in the area, varying in thickness from approximately 0 – 10 m 
below ground surface (bgs), while the Ravenscrag extends to approximately 180 m bgs [2]. In the vicinity of the 
Aquistore site two distinct lignite seams occur within 40 m of the surface, the shallower Estevan seam and deeper 
Boundary seam. The Estevan seam has been extensively strip-mined in the area, and in the process pre-existing 
overburden has been replaced with mine spoil [2]. The region also contains a system of sub-till buried channel 
aquifers which are part of the Empress Group, the nearest being the Tableland aquifer which runs southwest of the 
site in a northwest-southeast direction. 
 
Figure 1. Location of the Aquistore site (CO2 injection and observation wells) and capture facility (CO2 source). 
 Gabrielle Klappstein and Ben Rostron /  Energy Procedia  63 ( 2014 )  4971 – 4976 4973
2.2. Methods 
In order to establish the hydrogeological properties of the site, physical and chemical data were collected from a 
network of groundwater wells (Figure 2). The focus area of the groundwater monitoring program was determined to 
be a 3-km radius of the site, based on the projected extent of the CO2 plume after 10 years of CO2 injection. The 
shallow groundwater monitoring network was established using four different groups of wells. Group One consisted 
of six shallow domestic wells providing water to nearby rural residences. Group Two wells were previously drilled 
into the Tableland buried channel aquifer by SaskPower to monitor water withdrawal for power plant operations. 
Group Three consisted of six wells (out of many) installed as part of SaskPower’s on-site environmental monitoring 
for the BDPS ash lagoons. Most importantly, Group Four wells were designed and drilled specifically for the 
Aquistore project’s MMV program. 
 
 
Figure 2. Location of groundwater monitoring wells from four different groups in the monitoring network. Domestic wells (Group One) are north 
and west of the site, Tableland wells (Group Two) are to the southwest, Ash Lagoon wells are to the east, and Aquistore wells form diagonal 
transects centered at the site. 
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Sites for Group Four wells were located in an ‘x’ pattern centred at the CO2 injection well for optimal radial 
coverage and accessibility.  Twenty piezometers each two inches in diameter were drilled at 10 different locations, 
including the wellsite itself, along northeast, southeast, southwest and northwest transects during the Fall of 2012, 
and finished in the Fall of 2013. Piezometer screen depths varied from 4 – 42 m bgs; targets for installations were 
shallow sand and lignite beds. Three wells were drilled at “SITE” (adjacent to the CO2 injection well), one was 
drilled to the northwest (NW01), and two vertically ‘nested’ monitoring wells were drilled at each of the NE01, 
NE02, SE01, SE02, SE03, SW01, SW02 and NW02 locations. Cuttings samples were collected during drilling and a 
geophysical log of the deepest borehole at each site was recorded. Water levels were measured at the time of 
drilling, and during the discrete geochemical sampling events: these data combined with eleven continually-
measured digital pressure transducers installed in selected wells will be used to establish the baseline horizontal and 
vertical groundwater flow directions at the site. Analysis of the measured pressure data collected over time will be 
used to understand natural temporal variations in groundwater levels in the area.   
 
Three major monitoring events were completed for the baseline groundwater survey: two in 2013 (Spring and 
Fall), and one in 2014 (Summer).  A total of 40 wells were monitored and sampled, with field measurements 
including depth to water level, pH, conductivity, and temperature.  Samples were collected and submitted for 
laboratory analyses of a suite of chemical parameters including routine parameters (pH, temperature, conductivity, 
alkalinity, Total Dissolved Solids), cations (Ag, Al, As, B, Ba, Be, Bi, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Mo, 
Na, Ni, Pb, Sb, Se, Si, Sn, Sr, Ti, Tl, U, V, Zn), anions (Br, Cl, CO3, HCO3, OH, SO4), dissolved carbon (DOC, 
DIC) and isotopes (δ18O, δ2H, δ 13C of DIC). Oxygen and hydrogen stable isotope compositions were reported in per 
mil with respect to the V-SMOW standard, and carbon stable isotope compositions were reported in per mil with 
respect to the V-PDB standard. Analyzing for δ 13C of DIC was considered to be of particular importance as this 
parameter can be used to distinguish between different sources of CO2 [3,4]. The analytical uncertainties were equal 
to or better than 5.0 % (±1V) for the major dissolved elements and 10% (±1V) for the trace elements. The latter 
might have been greater than 10% for metals that were close to their detection limits. 
2.3. Results 
The chemical compositions of groundwater samples were variable, as shown by the range in proportions of major 
constituents (Figure 3). The main water types of the Aquistore samples were Na-HCO3-Cl and Na-SO4-HCO3. The 
dominant ions in the Ash Lagoon samples were Na, HCO3 and SO4, while the domestic wells were primarily of the 
Na-Cl-HCO3 type. The chemistry of the Tableland wells resembled that of the Aquistore wells, however a number 
of them were distinctive due to a more dominant Mg ion. In general, the majority of the monitoring well samples 
could be described as either bicarbonate-dominated (alkali-carbonate) or chloride-sulfate type water (saline). The 
range of hydrochemical values for Group Four wells was 962 – 8295 mg/L for Total Dissolved Solids (TDS), 7.1 – 
9.1 for pH, 378 – 1490 mg/L for alkalinity, and 0 – 4423 mg/L for sulfate. Monitoring wells with high TDS and 
sulfate concentrations might have been installed in areas that were recently disturbed by mining activities. Results 
for individual wells were generally found to be consistent from one monitoring event to the next, with relatively 
little seasonal variation in chemical properties. As an example, concentrations of major cations and anions from 
SITE-1were plotted for three consecutive sampling events (Figure 4).    
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Figure 3. Piper plot displaying the water chemistry of groundwater samples taken from wells in the shallow monitoring network. Data were 
obtained from the Fall 2013 sampling event. 
Figure 4. Time series plot of major cation and anion concentrations for  SITE-1, one of three piezometers installed at the Aquistore wellsite. 
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3. Conclusions 
A shallow groundwater well network was developed to collect baseline physical and chemical hydrogeological 
data. Four groups of wells were included in the network: domestic wells servicing rural residences, monitoring wells 
in the Tableland aquifer and BDPS ash lagoons, and wells installed specifically for the Aquistore project. Initial 
results show highly variable chemistry that is generally consistent over time. The shallow hydrogeological 
characterization of the Aquistore site is a critical component of the MMV program which aims to mitigate potential 
risks associated with CO2 sequestration. 
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